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Description
FIELD OF THE INVENTION
[0001] The present invention relates to an improved catalyst free process for synthesis of alkyl carbamates.
BACKGROUND OF THE INVENTION

[0002] Dimethyl carbonate (DMC) is an important intermediate and is widely used in industry. Owing to its low toxicity,
dimethyl carbonate is considered a "green" chemical product with bright development prospects. This increasing focus
is mainly due to the bio-degradability, with a low bioaccumulation as well as its low toxicity. Significant amount of work
is being carried out to develop environmentally safer route for the synthesis of DMC.

[0003] Dialkyl carbonates like dimethyl carbonate (DMC), diethyl carbonate (DEC), dipropyl carbonate (DPC), dibutyl
carbonate (DBC) are having potential applications in lithium battery as an electrolyte and can be prepared from urea
and corresponding alkyl alcohol. In all cases first step will be the conversion of urea and alkyl alcohol to corresponding
carbamate derivative. This is a non-catalytic equilibrium limited reaction. The conventional processes use stirred reactors
which often limit the conversion and adversely influence selectivity.

[0004] Alkyl carbamate (for example methyl carbamate MC) synthesis by urea alcoholysis has been reported in liter-
ature with both catalytic/non-catalytic routes. The non-catalytic processes known in the art for urea alcoholysis however
produced low yields of carbamates since these are equilibrium reactions. The further developments used tubular reactors
using catalyst to enhance the conversion rate as well as yield.

[0005] In literature several reactor configurations have been reported for this reaction mostly operating in batch, semi
batch mode in stirred vessel type of reactors.

[0006] GB 982.785 discloses a catalyst-free process for the synthesis of alkyl carbamate in a cascade reactor with
99% yield and process in a stirred reactor with above 90% selectivity.

[0007] USB8338634 discloses a method for the synthesis of alkyl carbamates by reacting urea with a hydroxyl group
containing compound in the presence of a catalyst. The catalyst comprises of a catalytically active component and a
catalyst support. The reaction is carried out in a reactor, which may be a tubular reactor. The reaction may be continuous,
semi-continuous or batch-wise. The ammonia formed during the reaction is removed from the reactor by appropriate
means to shift the reaction equilibrium to the product side.

[0008] US20150315134 discloses a process for synthesis of methyl carbamate and dimethyl carbonate (DMC) in a
reactor. The urea and methanol or methyl carbamate and methanol are fed into a reactor. The feed are put into a reactor
vessel containing expanded slurry bed of solid catalyst particles suspended in a suspension liquid or in a packed bed
of solid catalyst.

[0009] Sincethesynthesisofalkyl carbamates usingureaand alcoholis areversible reaction the equilibrium conversion
depends on the alcohol to urea mole ratio. If byproduct ammonia is removed from the reaction mixture the equilibrium
conversion is increased further. If sufficient alcohol to urea mole ratio is provided substantial urea conversion can be
attained without removing ammonia.

[0010] The presentinventors observed that there is a scope to provide urea alcoholysis reaction in a tubular reactor
with simplified configuration/integrated system, in catalyst free environment, with near complete conversion of urea by
stripping the ammonia formed and thus removing the equilibrium limitation.

OBJECTIVE OF THE INVENTION

[0011] Itis therefore the primary object of the present invention to provide a catalyst free process for synthesis of alkyl
carbamate using a simple, integrated system that drives the reaction in the forward direction and reduces the equilibrium
limitation of the reaction.

[0012] Yet another objective is to synthesize further the di-alkyl carbonates, a useful intermediate.

SUMMARY OF THE INVENTION

[0013] Accordingly, the presentinvention provides a catalyst free process for synthesis of alkyl carbamate, comprising
reacting urea and an alcohol in a tubular reactor under autogeneous pressure to provide more than 90% selectivity
towards alkyl carbamate, wherein said process is carried out in an integrated system of at least one tubular reactor,
heated externally, and a stripper in series, and wherein said tubular reactor and said stripper are arranged in series to
reduce the equilibrium limitations of the reaction and drive the reaction in forward direction.

[0014] wherein Another embodiment of the invention is characterized by a tubular reactor with a novel, simple con-
figuration/ integrated system for a catalyst free process for the synthesis of alkyl carbamate comprising at least one
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tubular reactor, heated externally, for reacting urea and alcohol and a stripper for removal of ammonia formed during
the said process, wherein said tubular column and said stripper are arranged in series to attain equilibrium conversion.
[0015] Still another embodiment of the invention is characterized in that the tubular rectors of the present invention
provide adequate residence time to drive the reaction in the forward direction and achieve equilibrium conversion.
[0016] Yetanother embodimentof the invention is characterized in that the presentinvention provides further synthesis
of dialkyl carbonates by reacting the alkyl carbamate so formed with an alcohol in said integrated tubular system.
[0017] A preferred embodiment of the present invention is characterized in that the alcohol is selected from methanol,
ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, tert-butanol, pentanol and its isomers, hexanol and its isomers,
their higher homologues or their isomers.

[0018] Another preferred embodiment of the present invention is characterized in that the temperature of the reaction
mixture is in the range of 150-250°C.

[0019] Still another embodiment of the present invention is characterized in that urea and alcohol in mole ratio 10 to
50 are fed in to the tubular reactor at a feed rate of 5-25 ml/min.

[0020] Yet another embodiment of the present invention is characterized in that said process can be carried out
continuously, semi continuously or batch wise.

[0021] Another embodiment of the present invention is characterized in that the process further comprises reacting
said alkyl carbamate with an alcohol to obtain dialkyl carbonate in said integrated system.

[0022] Still another embodiment of the present invention is characterized by an integrated system for a catalyst free
process for the synthesis of alkyl carbamate comprising at least one tubular reactor, heated externally, for reacting urea
and alcohol and a stripper for removal of ammonia formed during the said process, wherein said tubular reactor and
said stripper are arranged in series to reduce the equilibrium limitations of the reaction and drive the reaction in forward
direction.

[0023] An embodiment of the present invention is characterized in that the integrated system further comprises DMC
reactor, wherein said alkyl carbamate obtained is reacted with alcohol vapours to obtain di alkyl carbonates.

[0024] Yet another embodiment of the present invention is characterized in that the diameter of the tubular reactors
is 1/2 (approximately 12.7 millimetres) and the length is in the range of 4 to 9 metres to achieve adequate residence
time and high conversion rate of urea.

[0025] In still another embodiment of the present invention, the temperature of the tubular reactor is in the range
150-250°C.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] Fig: 1 depicts the configuration of tubular reactor - stripper.
DETAILED DESCRIPTION OF THE INVENTION

[0027] The invention will now be described in detail in connection with certain preferred and optional embodiments,
so that various aspects thereof may be more fully understood and appreciated. The present invention discloses reaction
process for synthesis of alkyl carbamate using urea and alcohol in a catalyst free environment and in an integrated
system comprising a tubular reactor, wherein said tubular reactor is sized in such a way that it provides adequate
residence time for the reaction to complete and achieve equilibrium conversion. Further, the tubular reactors are provided
with stripper in series such that the ammonia formed during the reaction is drawn out under reduced pressure which
enables the reversible reaction to proceed in the forward reaction and eliminates the excess use of the raw material
thereby making the process cost effective.

[0028] In the first embodiment, the present invention relates to a catalyst free process for synthesis of alkyl carbamate
within an integrated system of at least one tubular reactor and a stripper in series, comprising reacting urea and an
alcohol in said tubular reactor under autogenous pressure; wherein said process provides > 90% selectivity towards
alkyl carbamate.

[0029] The process of the present invention further comprises synthesis of di-alkyl carbonates, a useful intermediate,
by reacting the alkyl carbamate formed with an alcohol in a DMC reactor column of the integrated system with a stripper
in series.

[0030] In an optional embodiment, the process comprises reacting said alkyl carbamate and said di-alkyl carbonate
in an additional tubular reactor with a stripper in series of the integrated system to obtain alkyl-N-alkyl carbamate with
removal of carbondioxide and an alcohol which can be recycled/reused.

[0031] The alcohol can be selected from, but is not limited to, methanol, ethanol, 1-propanol, 2-propanol, 1-butanol,
2-butanol, tert-butanol, pentanol and its isomers, hexanol and its isomers, their higher homologues or their isomers.
[0032] The reaction for the synthesis of alkyl carbamates can be carried out continuously, semi-continuously or batch-
wise. The order of the addition of the raw materials to the reactor is not critical, and the best way to add the material can
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be determined in orienting experiments. Furthermore, the ammonia formed during the reaction is removed from the
tubular reactor using stripper arranged in series continuously or intermittently to shift the reaction equilibrium to the
product side.

[0033] In an embodiment, the reaction of urea and alcohol can be performed in a single tubular reactor or in multiple
tubular reactors for complete conversion of urea with 95% selectivity towards Alkyl carbamates in a residence time of
less than an hour..

[0034] The temperature of the process in the tubular reactor for synthesis of alkyl carbamate is maintained at 150-250
°C, preferably 160-200°C, under autogenous pressure of about 5-30 bar.

[0035] The ingredients urea and alcohol are fed in to the tubular reactor at a feed rate of 5-25 ml/min to obtain alkyl
carbamate. The mole ratio of urea to alcohol is in the range of 10 to 50.

[0036] The temperature for preparation of di-alkyl carbonate is in the range of 150 to 200°C and pressure maintained
with help of Back pressure regulator is in the range of 15 to 30 bar.

[0037] The tubular reactors can be of the material that can withstand the parameters of the reaction process without
corrosion, crumbling and no reactivity towards the raw material used. Typically, the tubular reactors are sized in such a
way that it provides adequate residence time and achieves equilibrium conversion. The dimensions of the tubular reactor
are preferably 0.5 inch (12.7 millimetre) in diameter and 4m -9m in length. In another embodiment, the present invention
provides a configuration/integrated system wherein second stripper can be avoided, or second reactor can be attached
to the reactor for the synthesis of Di alky carbonate in the next step.

[0038] Accordingly, referring to figure 1, the integrated system of the present invention comprises:

A urea feeding tank (1) connected to the Methyl carbamate reactor or tubular reactor (2),
joining to the stripper (3) and a methanol holding/feeding tank (6), connected to an evaporator (7), leading to a
connection to the stripper (3).

[0039] In another embodiment, the catalyst free process for the synthesis of alkyl carbamate using an integrated
system comprising at least one tubular column and a stripper in series, comprises the steps of:

a. Dissolving urea into methanol to obtain homogeneous mixture solution;

b. Pumping the mixture of step (a) into a tubular reactor of 1/2" (12.7 millimetre) outer diameter and 4-9m in length
with the help of HPLC pump at a temperature maintained in the range of 170 to 180°C at a feed rate in the range
of 2-25ml/min for a period of about an hour; Maintaining the pressure of the reactor of step (b) in the range of 15-30
bar with the help of a back pressure regulator mounted downstream of tubular reactor and collecting the desired
carbamate and

c. Stripping the ammonia through the stripper arranged in series with tubular reactor. In an embodiment, the present
invention provides a process wherein the urea conversion is > 50% and alkyl carbamate selectivity is > 80%;
preferably >92%

[0040] The above process is shown below in Scheme 1:
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0 o
HE : ‘F{
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alkyl carbamate  Dialkyl carbonate alkyl-N-alkyl carbamate

Where R=CH,, C,Hs, CiHg, C,H 4

Scheme: 1

[0041] The disclosed arrangement is shown in figure 1. Urea is dissolved in alcohol in the urea - methanol feed vessel
(1). The mixture is fed to the tubular reactor (2) at a particular feed rate. The tubular reactor (2) is heated externally
under autogenous pressure to carry out a synthesis reaction producing alkyl carbamate and ammonia. The ammonia
is removed from the tubular reactor (2) by means of the striper (3). The tubular reactor (2) and the stripper (3) are
arranged in series to reduce the equilibrium limitations of the reaction and drive the reaction in forward direction. Alkyl
carbamate obtained from the tubular reactor (2) is reacted with alcohol vapors in the DMC reactor (5) to obtain dialkyl
carbonates. The alcohol vapors are obtained from the DMC reactor (5), arranged below the reactive distillation column
(4), where the superheated alcohol is received from the alcohol feed vessel (6) and heated by the alcohol preheater and
vaporizer (7). Dialkyl carbonate produced in the reaction in the distillation column (4) is collected in the top vessel (8)
whereas the by products produced are collected in the bottom vessel (9).

[0042] The simple and stable configuration of the integrated system comprising of at least one tubular reactor of said
dimensions and stripper arranged in series to remove the ammonia formed during the production of alkyl carbamate
from urea and alcohol provides adequate residence time for the reaction to go to completion by reducing the equilibrium
limitations and driving the reaction in forward reaction to achieve > 90% selectivity towards alkyl carbamate.

[0043] The alkyl carbamate produced by the process of the present invention can be used in the synthesis of isocy-
anates, urethane foams, coatings, as pesticides and insecticides.

[0044] The dialkyl carbonates obtained as intermediates in the further embodiment of the process find application as
electrolytes in Lithium batteries, solvents etc.

EXAMPLES

[0045] In literature methods have been reported to synthesize alkyl carbamates by various routes. In the present
invention, synthesis has been done by non-catalytic route using urea and alcohol. Simple tubular reactor has been used
to conduct the said reaction.

(A) Urea + methanol

[0046] Solution of Urea and corresponding alcohol was prepared and pumped through the tubular reactor of 1/2" (12.7
millimetre) tube. | n all of the experiments, 1000 g urea was dissolved into 7470 g methanol to obtain homogeneous
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solution. This proportion was maintained throughout the experiment. Temperature inside the reactor was maintained by
heating the reactor wall from outside by electrical heaters. No special rotating equipments are required which makes
the operation very simple and inexpensive compared to other routes and corresponding equipments. Since the reaction
is reversible, higher molar feed ratio of alcohol to urea was used to drive the reaction forward. The ammonia formed
during reaction was removed by stripping, which drove reaction further thereby obtaining near complete conversion of
urea. At steady state ~90% urea conversion and ~97% selectivity could be obtained consistently in first pass.

Example 1:

[0047] 1000 g urea was dissolved into 7470 g methanol to obtain homogeneous solution. The said mixture was
subsequently pumped into a tubular reactor 1/2" (12.7 millimetre) outer diameter (ASTM A269) using HPLC pump, the
pumping rate being 5 ml/min. The typical length of the reactor for this experiment was chosen to be 4 metres. The
temperature inside the reactor was maintained at 170 °C. The pressure of the reactor was maintained at 22.5 bar using
the back pressure regulator mounted downstream of the tubular reactor. Cumulative samples were collected after ex-
periments and were analysed using GC and HPLC to quantify raw materials and products. HPLC analysis showed 81.4%
urea conversion and GC analysis showed 96.6% MC selectivity.

[0048] The ASPEN simulations of a configuration of tubular reactor - stripper - tubular reactor clearly demonstrate the
advantage of the disclosed configurations.

Example 2:
Experimental procedure and results

[0049] Theindividual weights ofingredients in urea - methanol mixture were kept unchanged from Example 1. Similarly,
the dimensions of the reactor, temperature inside reactor and the flow rate of the mixture were kept unchanged. The
change from the Example 1 was the pressure of the reactor, which was maintained at 23 bar using back pressure
regulator mounted downstream of the tubular reactor. HPLC analysis showed 78.4% urea conversion and GC analysis
showed 95.8% MC selectivity.

Example 3:

[0050] The mixture of the ingredients, the temperature inside the reactor and the dimensions of the reactor were kept
unchanged. However, the reaction feed comprising of urea and methanol mixture was pumped at flow rate of 7.5 ml/min
through the reactor. The pressure of the reactor was maintained at 22.8 bar using back pressure regulator mounted
downstream of the tubular reactor. HPLC analysis showed 69% urea conversion and GC analysis showed 94% MC
selectivity.

Example 4:

[0051] Theingredient mixure and the dimensions of the reactor were kept unchanged. In this example, the temperature
inside the reactor was maintained at 180 °C. The flow rate of urea and methanol mixture was kept 7.5ml/min through
the reactor, as in the Example 3. The pressure of the reactor was maintained at 28.5 bar using back pressure regulator
mounted downstream of the tubular reactor. HPLC analysis showed 76% urea conversion and GC analysis showed
92.5% MC selectivity.

Example 5:

[0052] In this example, the typical length of the reactor was chosen to be 9 meters. The temperature inside the reactor
was maintained at 180 °C. The flow rate of urea and methanol mixture was adjusted at 12.3ml/min through the reactor.
The pressure of the reactor was maintained at 28 bar. HPLC analysis showed 64% urea conversion and GC analysis
showed 88% MC selectivity.

Example 6:

[0053] The typical length of the reactor and the temperature of the reactor were kept unchanged from Example 5. The
mixture of urea and methanol was pumped at flow rate of 6.2 ml/min through the reactor. The pressure of the reactor
was maintained at 28 bar using back pressure regulator mounted downstream of the tubular reactor. HPLC analysis
showed 79% urea conversion and GC analysis showed 90% MC selectivity.
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Example 7:
[0054] In this example, the only variable was the flow rate which was kept at 24.6 ml/min through the reactor. The
pressure of the reactor was maintained at 28 bar. HPLC analysis showed 53% urea conversion and GC analysis showed
88% MC selectivity.
Example 8:
[0055] The temperature inside the reactor was maintained at 170 °C. The flow rate of the mixture was chosen to 18
ml/min through the reactor. The pressure of the reactor was maintained at 23 bar. HPLC analysis showed 88.3% urea
conversion and GC analysis showed 92.9% MC selectivity.
Example 9:
[0056] The typical length of the reactor was unchanged 9 meter. The temperature inside the reactor was maintained
at 170 °C. The reaction flow rate was selected to be 18 ml/min through the reactor. The pressure of the reactor was
maintained at 23 bar. HPLC analysis showed 93% urea conversion and GC analysis showed 99.4% MC selectivity.
Example 10:
[0057] In Example 10, all of the variables were same as in Example 8 and 9. HPLC analysis showed 90.8% urea

conversion and GC analysis showed 97.2% MC selectivity.
[0058] The data of aforesaid experiments is shown below in table 1

Experiment | Reactor Feed flow rate Temperature | Pressure | Ureaconversion | MC selectivity
No. length [m] | [ml/min] [°C] [bar] [%] [%]
1 4 5 170 22.5 81.4 96.6
2 4 5 170 23 78.4 95.8
3 4 7.5 170 22.8 69 94
4 4 7.5 180 28.5 76 92.5
5 9 12.3 180 28 64 88
6 9 6.2 180 28 79 90

7 9 24.6 180 28 53 88
8 9 18 170 23 88.3 92.9
9 9 18 170 23 93 99.4
10 9 18 170 23 90.8 97.2

(B) Other than methanol

[0059] Instead of methanol, urea was dissolved into ethanol, propanol and butanol in different proportions. The outer
diameter of the tubular reactorwas 1/2" (12.7 millimetre) whereas the reactor length was chosento be 4 meters throughout
the experiment. The mixture is maintained between 185 - 190 degree.

Example 11:

[0060] 250 gureawas dissolved into 7500 g propanol to obtain homogeneous solution. This mixture was subsequently
pumped into a tubular reactor of 1/2" (12.7 millimetre) outer diameter (ASTM A269) using HPLC pump at a flow rate of
18 ml/min through the reactor. The typical length of the reactor for this experiment was 4 metre. The temperature inside
the reactor was maintained at 185 to 190 °C. The pressure of the reactor was maintained at 15 bar using back pressure
regulator mounted downstream of the tubular reactor. The process was carried out for 8 hours. Cumulative samples
were collected after experiments and were analyzed with the help of GC and HPLC to quantify raw materials and products.
HPLC analysis showed 96.7% urea conversion and GC analysis showed 95.7% propyl carbamate selectivity.
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Example 12:

[0061] 500 g urea was dissolved into 7666 g ethanol to obtain homogeneous solution. This mixture was pumped into
a tubular reactor at flow rate of 18 ml/min through the reactor. The pressure of the reactor was maintained at 25 bar
using back pressure regulator mounted downstream of the tubular reactor. The reaction was carried out for 8 hours.
HPLC analysis showed 95.2% urea conversion and GC analysis showed 74.3% ethyl carbamate selectivity.

Example 13:

[0062] 134 g urea was dissolved into 6621 g butanol to obtain homogeneous solution. This mixture was then at flow
rate of 18 ml/min through the reactor. The pressure of the reactor was maintained at 8 bar. The reaction was carried out
for 7 hurs. HPLC analysis showed 92.8% urea conversion and GC analysis showed 77.4% BC selectivity.

[0063] The data of the aforesaid examples are tabulated in Table 2:

Exp. Reactor | Feed flow rate Temperature | Time | Pressure | Urea Alkyl Carbamate
No. length [ml/min] [°C] (h) [bar] conversion | selectivity [%]
[m] [%]
1 4 18 185 to 190 8 15 96.7 Propyl carbamate =
95.7
2 4 18 185 to 190 8 25 95.2 Ethyl carbamate =74.3
3 4 18 185 to 190 7 8 92.8 Butyl carbamate =77.4
Claims

1. Acatalyst free process for synthesis of alkyl carbamate, comprising reacting urea and an alcohol in a tubular reactor
under autogeneous pressure to provide more than 90% selectivity towards alkyl carbamate, wherein said process
is carried out in an integrated system of at least one tubular reactor, heated externally, and a stripper in series, and
wherein said tubular reactor and said stripper are arranged in series to reduce the equilibrium limitations of the
reaction and drive the reaction in forward direction.

2. The catalyst free process according to claim 1, wherein the alcohol is selected from methanol, ethanol, 1-propanol,
2-propanol, 1-butanol, 2-butanol, tert-butanol, pentanol and its isomers, hexanol and its isomers, their higher homo-
logues or their isomers.

3. The process according to claim 1, wherein a temperature of the reaction mixture is in the range of 150-250 C.

4. The catalyst free process according to claim 1, wherein urea and alcohol in mole ratio between 1:10 and 1:50 are
fed into the tubular reactor at a feed rate of 5-25 ml/min.

5. The catalyst free process according to claim 1, wherein said process can be carried out continuously, semi contin-
uously or batch wise.

6. The catalyst free process according to claim 1, wherein the process further comprises reacting said alkyl carbamate
with an alcohol to obtain di-alkyl carbonate in said integrated system.

7. The catalyst free process according to claim 1, wherein said stripper removes ammonia formed during said process.

8. Thecatalystfree process according to claim 1, wherein said alkyl carbamate obtained is reacted with alcohol vapours
to obtain di-alkyl carbonates.

9. The catalyst free process according to any of the preceding claims, wherein a diameter of the tubular reactors is
1/2’ (approximately 12.7 millimetres) and a length is in the range of 4 to 9 metres to achieve adequate residence

time and high conversion rate of urea.

10. The catalyst free process according to any of the preceding claims, wherein the temperature of the tubular reactor
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is in the range 150-250°C.

Patentanspriiche

1.

10.

Katalysatorfreies Verfahren zur Synthese von Alkyl-Carbamat, umfassend in Reaktion bringen von Urea und Alkohol
in einem rohrférmigen Reaktor unter autogenem Druck, um mehr als 90% Selektivitat gegenuber Alkyl-Carbamat
zu gewabhrleisten, wobei besagtes Verfahren durchgefiihrt wird in einem integrierten System aus wenigstens einem
von auf3en beheizten rohrférmigen Reaktor, und einem hierzu in Reihe angeordneten Abscheider, wobei besagter
rohrférmiger Reaktor und besagter Abscheider in Reihe angeordnet sind, um Gleichgewichtsbeschrankungen der
Reaktion zu reduzieren und um die Reaktion in vorwartsrichtung zu lenken.

Katalysatorfreies Verfahren nach Anspruch 1, wobei der Alkohol ausgewahlt wird aus Methanol, Ethanol, 1-Propanol,
2-Propanol, 1-Butanol, 2-Butanol, Tert-Butanol, Pentanol und seine Isomere, Hexanol und seine Isomere, ihre
héheren Homologa oder ihre Isomere.

Katalysatorfreies Verfahren nach Anspruch 1, wobei eine Temperatur des Reaktionsgemisches in einem Bereich
von 150 - 250 °C liegt.

Katalysatorfreies Verfahren nach Anspruch 1, wobei Urea und Alkohol in einem Mol-Verhaltnis zwischen 1:10 und
1:50 mit einer Einspeiserate von 5 - 25 ml/min in den rohrférmigen Reaktor eingespeist werden.

Katalysatorfreies Verfahren nach Anspruch 1, wobei besagtes Verfahren kontinuierlich, halbkontinuierlich oder char-
genweise durchgefihrt wird.

Katalysatorfreies Verfahren nach Anspruch 1, wobei das Verfahren aulRerdem ein Reagieren von besagtem Alky-
Carbamat mit einem Alokohol umfasst, um im besagten integrierten System Di-Alkyl Carbonate zu erhalten.

Katalysatorfreies Verfahren nach Anspruch 1, wobei besagter Abscheider wahrend des Verfahrens gebildeten Am-
moniak entfernt.

Katalysatorfreies Verfahren nach Anspruch 1, wobei besagtes gewonnenes Alkyl-Carbamat mit Alkoholdampfen
zur Reaktion gebracht wird, um Di-Alkyl Carbonate zu erhalten.

Katalysatorfreies Verfahren nach einem der vorhergehenden Anspriiche, wobei ein Durchmesser des rohrférmigen
Reaktors 1/2", somit ungefahr 12.7 mm betragt und er eine Lange aufweist, die in einem Bereich von 5 bis 9 Metern
liegt, um eine angemessene Aufenthaltszeit und eine hohe Konversionsrate von Urea zu erzielen.

Karalysatorfreies Verfahren nach einem der vorhergehenden Anspriiche, wobei die Temperatur des rohrférmigen
Reaktors in einem Bereich von 150 - 250 °C liegt.

Revendications

Un processus sans catalyseur pour la synthése de carbamate d’alkyle, comprenant la réaction d’urée et d’'un alcool
dans un réacteur tubulaire sous pression autogéne pour fournir une sélectivité de plus de 90 % vis-a-vis du carbamate
d’alkyle, ledit processus étant réalisé dans un systeme intégré constitué d’au moins un réacteur tubulaire, chauffé
extérieurement, et d’'une colonne de rectification en série, et ledit réacteur tubulaire et ladite colonne de rectification
étant montés en série pour réduire les contraintes d’équilibre de la réaction et entrainer la réaction.

Le processus sans catalyseur selon la revendication 1, I'alcool étant choisi parmi le méthanol, I'éthanol, le propan-
1-ol, le propan-2-ol, le butan-1-ol, le butan-2-ol, le tert-butanol, le pentanol et ses isomers, I’hexanol et ses isomers,
leurs homologues supérieurs et leurs isomeres.

Le processus selon la revendication 1, une température du mélange de réaction se situant entre 150 et 250 C.

Le processus sans catalyseur selon la revendication 1, de l'urée et de I'alcool dans un rapport molaire de situant
entre 1:10 et 1:50 étant introduits dans le réacteur tubulaire a un rythme d’introduction de 5-25 ml/min.
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Le processus sans catalyseur selon la revendication 1, ledit processus pouvant étre réalisé en continu, en semi-
continu ou par lots.

Le processus sans catalyseur selon la revendication 1, le processus consistant également a faire réagir ledit car-
bamate d’alkyle avec un alcool pour obtenir pour obtenir du carbonate de dialkyle dans ledit systéme intégré.

Le processus sans catalyseur selon la revendication 1, ladite colonne de rectification extrayant 'ammoniaque formé
pendant ledit processus.

Le processus sans catalyseur selon la revendication 1, ledit carbamate d’alkyle obtenu est mis a réagir avec des
vapeurs d’alcool pour obtenir des carbonates de dialkyle.

Le processus sans catalyseur selon 'une quelconque des revendications précédentes, un diameétre des réacteurs
tubulaires étant de 1/2" (environ 12.7 millimétres) et une longueur se situant entre 4 et 9 metres pour atteindre le

temps de séjour adéquat et un taux de conversion élevé de l'urée.

Le processus sans catalyseur selon I'une quelconque des revendications précédentes, la température du réacteur
tubulaire se situant entre 150 et 250 C.

10
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